Maritime transportation is a vital component of the world's logistics system. Natural and manmade events can lead to disruptions of the system including ice, droughts, or floods that can cause non-navigable water levels and earthquakes or terrorist attacks that can destroy the infrastructure of the navigation system. Disruptions to the system can have widespread economic and societal impacts, and their consequences can be significant. Extensive data related to the disrupted inland waterway needs to be collected and economically analyzed to support best disruption recovery practices. A section of the Mississippi River is selected as the study region and supports a realistic case study to put engineering economic tools into practice. Commodity freight, infrastructure, and terminal data within the selected study region are collected to provide a real world information pool to support development of practical engineering economy skills in undergraduate engineering and engineering technology students. An instructor's guide is provided to support efficient adoption in the classroom. Successful completion of the case study will give students an opportunity to utilize engineering economy, decision, and data analysis tools on a real world engineering problem related to the maritime transportation system.
Case Study Introduction
The Mississippi River, including its main channels and tributaries, is a vital component of commodity transport in the United States. It flows 2,350 miles from Minnesota through the center of the United States to the Mississippi River Delta at the Gulf of Mexico [1] . It is estimated that approximately 600 million tons of commodities transported via the Mississippi River each year, including 125 million tons from the Upper Mississippi River (Minneapolis, Minnesota to Cairo, Illinois) and 470 million tons from the Lower Mississippi River (Cairo, Illinois to the Gulf of Mexico) [2] . Multiple river reports use ten major economic sectors to evaluate river contribution to the vicinity areas, which are commercial navigation, harvest of natural resources, water supply, recreation, tourism, mineral resources, agriculture, energy production, manufacturing and ecosystem. The ten economic sectors around the Mississippi River account for approximately $200 billion in revenue to businesses in the corridor and over 1 million jobs are associated with this economic activity [2] [3] . The competitiveness of the waterway transportation stems from the efficiency of the waterway system. A standard tow consisting of fifteen barges has the same capacity as 225 rail cars or 900 semi tractor-trailers and can carry roughly 22,500 tons depending on the type and weight of commodity [4] . The average savings of barge transportation over other modes is about $9.00 per ton [3] .
Multiple natural and man-made events can lead to the disruptions of the Mississippi River such as ice, droughts, or floods that can cause non-navigable water levels and earthquakes or terrorist attacks that can destroy the infrastructure of the navigation system [5] . Other possible disruption causes include vessel allision or collision and mechanical vessel problems. In 2012, the Mississippi River suffered a record-breaking low water level and was very close to being completely shut down. Disruptions on the inland waterway system can have widespread economic and societal impacts, and their consequences can be significant. For instance, the main lock chamber of Lock 27 on the Mississippi River was closed to navigation traffic for gate repairs between July 26, 2004 and August 10, 2004. The closure resulted in long delays for the carriers. The influence was far-reaching that it aroused concerns from Japan, which was worried if the United States could meet its agriculture needs [6] . are in this study region [7] . Exhibit 1 shows that there are both railways and highways serving the selected river section. In the event of the waterway disruption, one of the recovery actions considered by the local authorities and private owners is to offload the barge cargoes in the disrupted river section to the nearby terminals and move them to their final destination through land transport methods such as railways or highways. Such practice can prevent the barge cargoes from waiting on the disrupted and turbulent river for a potential long time. The Iowa, Chicago, and Eastern railroad (ICE) connects the terminals on the northern part of the study region to the western areas of the Mississippi River. The Burlington Northern and Santa Fe railroad (BNSF) and Keokuk Junction Railway (KJRY) serve terminals on the southern part of the study region [7] . Commodity freight, L/D system, and terminal data within the selected river section are analyzed in order to provide a holistic view and information pool to develop disruption recovery practice. The commodity freight data of the study region significantly influences disruption recovery. Different actions may be taken based on the amount of cargo remaining on the river section that needs to be offloaded when the disruption happens. However, there is no direct cargo data summarized specifically for the study region. The most relevant data available is from the U.S. Army Corps of Engineers (USACE)'s Navigation Data Center, which provides cargo data and vessel trip data for the Mississippi River in general as well as for several major river sections.
Case Study Data
Exhibit 1: Study Region on the Mississippi River [7] Exhibit 2 and Exhibit 3 display the freight amount by commodity types and the vessel trips by draft size on the Mississippi River from Minneapolis, Minnesota to the Mouth of the Missouri River in 2012 [8] , which contains the freight data of the study region. A lock is a gate system that allows barges to move smoothly and safely between different water levels on the inland waterway. A dam is a wall-like structure that reserves water for various needs. Together, the lock and dam system is used to control the water levels and provide navigation condition for the waterway throughout the year. [9] Six L/Ds are located within our study region, which are L/Ds 14, 15, 16, 17, 18, and 19. The increasing L/D number indicates a lower water level. For instance, L/D 14 has a higher elevation level than L/D number 19. When an upward bound barge tow enters a lock, the lower doors of the lock are closed, and the lock is filled with water until the water level reaches the upper level. The upper doors are then opened, and the barge tow can safely leave the lock. The L/D system is investigated because of its vulnerable position during the inland waterway transportation. The L/D infrastructure can be damaged by man-made events or rendered dysfunctional through natural occurrences, both of which can lead directly to the waterway closure. The risk is amplified for the study region by the presence of the six important L/Ds located within the area. In addition, the available freight data at L/D provides a reliable data source to estimate the actual commodity freight on the study region. The data containing annual tonnage by commodity group (coal, petroleum, chemicals, etc.) for each L/D in the study region is available through the Navigation Data Center operated by U.S. Army Corps of Engineers. Currently, historical data is provided from 1993 to 2014. Exhibit 4 shows the waterborne freight by commodity type for the L/Ds 14 to 19 in 2014 [10] . Food and farm products, chemicals, and crude materials are the three primary commodity types moved through the L/D systems in the selected river section.
There are seventy-four terminals located within the study region, among which sixty-five are active terminals. For the active terminals, fifty-six terminals have handling facilities to accept at least one type of cargo that is carried on the disrupted barges [7] . Terminals are designed to receive cargoes of certain types, ship cargoes of certain types, or conduct both functions. Depending on the handling facilities, terminals usually cannot accept all types of cargoes. The cargo that is disrupted on the waterway needs to be offloaded at the terminal that has the handling facility to support it. Therefore, the data related to terminal conditions within the study region is also of interest. Exhibits 5 & 6 reveal the locations of the seventy-four terminals in the study region as well as the terminal accessibility of offloading the major cargo types moved along the study region. According to Exhibit 5, terminals are scatted along the river section in the study area with river miles 460-490 containing the highest number of terminals. Based on Exhibit 6, agriculture products and coal are accepted by quite a number of terminals within the study region. Chemicals have a moderate number of terminals to support them and petroleum products have the least terminal accessibility. In general, when the disruption happens, the cargo has a higher chance to be smoothly and safely offloaded to the land transportation mode if its location has multiple nearby terminals and the terminals accept its cargo type.
Exhibit 5: Terminal Locations within Study Region [7] [7] Exhibit 9: Locations of Active Terminals with Off-loading Capabilities and Rail Access by Commodity Classification [7] Question 3: Assume the U.S. Army Corps of Engineers has received $5 million funding, the agency is considering investing the funding on maintenance and repair of the six L/D systems in this river section. It is estimated that the investment will reduce the waterway disruptions caused by L/D maintenance delays substantially. The investment benefit is represented in dollars as the cash inflows over several years after the investment, which is shown as follows: N Net Cash Flow 0 -$5,000,000 1 $1,000,000 2 $1,600,000 3 $2,000,000 4 $2,200,000 5 $3,000,000
(a) Computer the IRR for this investment using trial and error method.
(b) Would you accept this investment at MARR = 20% (Show your work for why)?
Conclusions
The educational case study presented in this paper is designed to highly replicate a real-world inland waterway disruption scenario. A solutions manual is available to engineering educators by submitting an email request to the authors. The significance of this developed case study is twofold. First, it provides the students with a real-world engineering problem to apply and practice their engineering economy and decision analysis skills. Students will be able to practice identifying and analyzing the data sets, selecting the appropriate analysis tool, conducting numerical analysis, and summarizing results and conclusions. Second, it provides students with the opportunity to learn the maritime transportation system. The case study has detailed and easy-to-understand explanations of basic maritime transportation facts. It opens a window for engineering students who may be interested in but not familiar with the subject. Similar case studies based on different subjects could be developed and compiled into a pool of engineering economy educational case studies for students to select and practice.
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